Introduction 4 9
The presence of virus-derived double-stranded RNA (dsRNA) in the cytoplasm of infected NF110 isoform was found to be essential for efficient translation of IFNB1 mRNA, the 9 9 central cytokine of the antiviral response, and a subset of ISGs in an environment where cap-1 0 0 dependent translation is compromised. In agreement, in the absence of NF90/NF110, cells 1 0 1 displayed impaired antiviral activity, which correlated with attenuated production of ISGs. We propose a role for ILF3 in enhancing translation of IFNB1 and ISGs during the host 1 0 3 translational shutoff response, thereby providing effective levels of these antiviral proteins pools against ILF3 (L-012442-00-0005, Dharmacon) or EIF2AK2 (L-003527-00-0005, 1 1 5 Dharmacon) in HeLa or A549s. As a negative control, a non-targeting siRNA pool was used 1 1 6 (D-001810-10-05, Dharmacon). Individual siRNAs against both major ILF3 isoforms were 1 1 7
adapted from Guan et al., 2008 (35) . For NF110 (Sense-CUACGAGAGCAAAUUCAA fractionation analyses of HeLa cytoplasmic extracts stimulated with or without poly(I:C).
3 0 1
During homeostasis, both major alternatively spliced isoforms of ILF3, NF90 and NF110, 3 0 2
were found to associate with polysomes (Figure 2A , fractions 6-9), as well as lighter 3 0 3 fractions, containing the 40S and 60S ribosomal particles (Figure 2A respectively), and monosomes (80S) (Figure 2A , fraction 5, quantification in Figure 2B ). Both NF90 and NF110 are known substrates of the kinase PKR, one of the essential factors 3 1 8
driving the translational shutoff during the dsRNA-mediated antiviral response (13). We associated with polysomes, cytoplasmic extracts pre-treated with EDTA were fractionated to 3 2 9 monitor NF90/NF110 sedimentation. EDTA treatment, which forces dissociation of 3 3 0 ribosomal subunits, resulted in both NF90 and NF110 disengaging from the polysomal 3 3 1 fractions (Figure 2E , from fraction 6 onwards). All these data support that NF90 and NF110 with polysomes as an indirect measurement of its translation, in the presence or absence of 3 3 7
ILF3. We again confirmed that ILF3 depletion did not significantly affect the levels of IFNB1 3 3 8 mRNA induction (Figure 3A) . In addition, we confirmed that depletion of NF90/NF110 did polysomes, suggesting that ILF3 may indeed regulate IFN-β protein production ( Figure 3E ).
5 0
This was confirmed by quantifying IFN-β protein levels by ELISA in the supernatants of 3 5 1
both HeLa and A549 cells after stimulation with poly(I:C). ILF3 depleted cells showed a 3 5 2 significant decrease in IFN-β protein levels ( Figure 3F ).
5 3
As ILF3 encodes the two major isoforms NF90 and NF110 and only the NF110 association 3 5 4
with polysomes was affected during poly(I:C) stimulation, we next assessed if regulation of 3 5 5 IFNB1 mRNA association with polysomes is isoform specific. For this purpose, we designed 3 5 6 specific siRNAs targeting NF90 or NF110. Extracts depleted for these factors were 3 5 7 fractionated, and subpolysomal and polysomal fractions were pooled to quantify the IFNB1 3 5 8 mRNA in these two populations. Interestingly, the depletion of NF110, but not NF90, caused 3 5 9 a decrease in the association of IFNB1 mRNA with the polysomal fractions (Figure 3G-3I ).
6 0
All these results suggest that translation of IFNB1 mRNA is enhanced by the NF110 isoform Figure 3A) . After dsRNA stimulation, we 3 6 9
observed two populations of protein-coding mRNAs that were differentially affected by
ILF3. First, a population of low abundance transcripts that became more associated with 3 7 1 polysomes during dsRNA stimulation, and second, a highly expressed population that during activation of the type I IFN response, which were mainly cytokines and ISGs, were these observations further, we analysed subgroups of protein-coding genes separately and 3 8 0 confirmed that ISGs were significantly less enriched in polysomes in the absence of ILF3, with efficient polysomal association (49). In agreement with this, we observed that GC-rich 3 8 5
genes were also more associated with polysomes upon dsRNA stimulation, whereas AT-rich 3 8 6
genes were disengaged, and this effect was attenuated upon ILF3 depletion (Figure 4C) . A 3 8 7 more refined analysis, considering the average expression of these genes, revealed that ILF3 3 8 8 depletion reverted some of these observations. Highly expressed AT-rich genes were no 3 8 9
longer disengaged from polysomes, and low and medium-expressed GC-rich genes were less 3 9 0 efficiently associated with polysomes ( Figure 4D) . Importantly, ISGs have a heterogeneous 3 9 1 GC-content distribution, suggesting that the differential association of these genes with 3 9 2 polysomes cannot be directly attributed to the GC-content effect revealed by our analyses. Our data suggest that the ISGs and TOP mRNAs subgroups display opposite behaviours in the absence of ILF3 (Figure 5A) , whereas TOP mRNAs, which are disengaged from 3 9 6
polysomes upon activating the host translational shutoff, reverted to almost homeostatic 3 9 7 levels in the absence of ILF3 (Figure 5B ). qRT-PCR analyses of pooled subpolysomal and 3 9 8
polysomal fractions confirmed that ILF3 depletion led to a significant reduction in polysome in the absence of ILF3, ISGs such as IFIT3, OASL and IRF1 were less induced ( Figure 5D ). However, no changes in eIF3M protein levels were observed, which may be due to the its 4 0 6
high stability, and the brief time of stimulation with poly (I:C) (Supplementary Figure 5A ).
0 7
To further elucidate the function of ILF3 on ISGs mRNA translation, we assessed if 4 0 8 differential ISG polysomal association could be directly attributed to ILF3 presence or be a were compared. A proportion of the tested ISGs (IFIT3, IFIT2 and ISG15) followed the same 4 1 2 behaviour as seen after poly(I:C) stimulation, suggesting that the differential polysomal 4 1 3 association of these ISGs were due to direct ILF3 action (Supplementary Figure 6 ).
1 4
All these data suggest that ILF3 has a dual function on mRNA translation during the type I association. In addition, ILF3 was found to repress association of AT-rich genes with 4 1 7
polysomes. All these together support the hypothesis that ILF3 has a major role in regulating 4 1 8
the association with polysomes of important subtypes of genes during the host translational 4 1 9
shutoff.
ILF3 is necessary for type I IFN induction in response to dsRNA 4 2 1
As we have shown that ILF3 has an essential role in the expression of ISGs, we next wanted medium, was collected and added to naive cells to measure ISG induction and confirm 4 2 5 differential type I IFN production and secondly, measure differential protection against viral ( Figure 6B) , confirming that the production of type I IFN, which is essential to drive the 4 3 0 expression of these genes, is diminished in the absence of ILF3.
As a functional approach, we tested if conditioned medium generated in the absence of ILF3 were added to fresh A549 cells to test their sensitivity to Echovirus 7 infection by TCID 50 . Conditioned medium generated in ILF3-depleted cells was able to confer less resistance to 4 3 5
Echovirus 7 infections, with an almost 100-fold reduction in protection observed at the lowest translation. In this work, we propose that the RNA-binding protein ILF3, which is involved in 4 5 1 many steps of RNA processing during homeostasis, is also essential for establishing a robust 4 5 2 type I IFN program upon dsRNA stimulation. We found this factor acts at the level of viral infections, although these effects were proposed to be mediated by direct binding of dissociation of TOP mRNAs upon dsRNA stimulation. This effect did not seem to be a 4 7 0
consequence of differential activation of the host translational shutoff in the absence of ILF3, 4 7 1 since similar levels of phosphorylated eIF2α were detected. However, a decrease in total ISGs, suggesting an additional role for ILF3 as a positive factor for translating essential self- poor-translating environments, may be an essential step to allow polysomal engagement of 4 9 8
IFNs and ISGs. Interestingly, the regulation of IFNB1 mRNA translation was found to be 4 9 9
specific for the NF110 isoform, which correlates with a shift in its polysomal co- previous reports, we also found PKR to be essential for efficient association of NF110 with 5 0 4
translating ribosomes (13), which also suggests that either direct protein-protein interactions 5 0 5
with PKR, or some basal phosphorylating activity of PKR on NF110 may be necessary to 5 0 6 retain this factor associated with polysomes during homeostasis. Whereas our study supports a positive role for ILF3 in promoting type I IFN and ISGs mechanism by which the translation of these cytokines bypasses the translation shutoff during also be indirectly affecting the levels and translation of some ISGs.
1 9
In summary, we have identified ILF3 as a stimulatory factor in the establishment of an All high-throughput sequencing data has been deposited in the GEO database, with accession 5 2 5 number GSE130618. Supplementary Data are available at NAR Online. Research Council in Argentina (CONICET). The authors declare no competing interests.
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Echovirus 7. stranded RNA of a protein kinase that phosphorylates eukaryotic initiation factor 2. Innate Immunity to Viral Infection. Immunity, 13, 129-141. America, 106, 12097. of the experiments performed in (b), (c) and (d). A549 cells were siMock or ILF3-depleted followed by stimulation with poly(I:C). Medium was collected, and specific or serial average (n=4) ± sem, (*) pval<0.05, (**) pval<0.001 by one-way ANOVA followed by 8 1 8
Tukey's multiple comparison test (c) TCID 50 assay using Echovirus 7 on A549 cells pre-8 1 9
incubated with serial dilutions of conditioned medium (y-axis) from ILF3-depleted (yellow) EIF3E  EIF4E  EEF1A1  EIF5  EIF4G2  EIF3L  RPL19  RPS19  RPL35  RPL32  RPS9  RPS16  EIF3K  RPL27A  EEF1G  RPL15  RPS7  RPSA  RPS11  RPL36  RPS13  RPL13A  RPS3  RPS23  EEF1B2  RPS8  RPS3A  RPL17  RPS21  RPS25  RPL6  RPL30  RPL12  RPL39  EIF3M  TPT1  RPS29  RPL41  EIF5B  EIF4G3  EIF4A2  EIF1AD  EIF1  EIF3C (B) (top) HeLa cells were depleted for 72 hours with siRNAs against ILF3 targeting both alternatively spliced isoforms produced by ILF3 gene, NF90 and NF110. As a control, cells were transfected with non-targeting siRNAs (siMock). Isoform-specific primers were used for amplification of NF90 and NF110 isoforms to assess their relative mRNA expression levels upon ILF3 depletion. Data show the average n=3 +/-sd, (*) p-value <0.5 by Student's T-test (Bottom) Representative western blot analyses of NF90 and NF110 protein levels upon depletion with siRNAs against ILF3 (lanes 3 and 4), compared to mock siRNA transfected cells (lanes 1 and 2, siMock) , in the presence (lanes 2 and 4) or absence (lanes 1 and 3) of antiviral response by transfection with the dsRNA analogue, p(I:C) (C) Box-plot analyses of differential gene expression for: all genes, significantly induced ISGs, TOP and IRES mRNAs absence of ILF3 during homeostasis (siILF3 vs siMock, green) and in the absence of ILF3 during the antiviral response (siILF3 p(I:C) vs siMock, yellow), p-val by Mann-Whitney U test 
